Summary : From 1985 to 1989, a total of 598 gastric cancer patients underwent gastrectomies in the First Department of Surgery at Kurume University School of Medicine.
Of these, 24 patients (4.0%) incurred a subphrenic abscess, postoperatively.
Subphrenic abscesses occurred most frequently after total gastrectomies at a rate of 17 of 197 (8.8%) cases. Leaking gastrointestinal anastomoses were responsible for 12 of the 17 (70.5%) abscesses.
In 384 cases of distal gastrectomy, only 6 (1.69) cases with a subphrenic abscess occurred, and only 3 were due to anastomotic leakage. Among the total of 24 cases with subphrenic abscesses, 16 (67%) were related to an anastomotic leakage including a pancreatic fistula, while the other 8 (33%) showed no leakage by contrast roentgenography.
When chest roentgenography shows a pleural effusion and an elevation of the diaphragm, then a subphrenic abscess must be suspected.
The majority of patients were treated by replacing the intraabdominal drainage catheter inserted during the gastrectomy with a larger catheter.
The overall operative mortality rate was 4.1%, due to a death in only one (MOF) patient.
Introduction
Subphrenic abscess continues to be an important and serious complication following alimentary tract surgery or injury to abdominal organs. Subphrenic abscess has recently been reported to have a high mortality rate of 30-40% by Sherman et al. (1969) and Wang et al. (1979 
Results
The age distribution and incidence rate of subphrenic abscesses are summarized in Table 1 . Only 1 (2.5%) subphrenic abscess occurred in a patient less than 40 years old. That was due to an anastomotic leak at the site of the esophagojejunostomy following total gastrectomy. It cured spontaneously after insertion of a larger drainage catheter.
The highest incidence rate (6.7%) occurred in patients between 61 and 70 years of age. The incidence rate was 3.0% in those over 70 years of age. In both groups, recovery occurred with longterm management.
Only one 72 year-old man died within 30 days of a total gastrectomy due to multiple organ failure (MOF). The overall operative mortality rate in 24 patients with subphrenic abscesses was 4.1% (Table 1) .
The type of resection and the incidence of subphrenic abscesses are summarized in Table 2 . Subphrenic abscesses occurred most frequently after total gastrectomies (8.8%) . Leaking gastrointestinal anastomoses were responsible for 12 cases (70.5%).
In 19 proximal gastrectomies, one (5.3%) subphrenic abscess occurred, which was related to an anastomotic leakage. On the other hand in 384 distal gastrectomies, only 6 (1.6%) subphrenic abscesses occurred, and only 3 were caused by an anastomotic leakage. Among the total of 24 subphrenic abscesses, 16 (67%) were related to an anas tomotic leakage, while the other 8 (33%) showed no leakage with contrast roentogenography (Table 2 ). Type of resection and incidence rates of subphrenic abscesses Lymphnode dissection and incidence rates of Subphrenic Abscesses Combined resection and incidence rates of subphrenic abscesses TABLE  5 Summary of subphrenic abscesses
The extent of the lymphnode dissection and the incidence of subphrenic abscesses are summarized in Table 3 . Subphrenic abscesses occurred most frequently in the cases with no lymphnode dissection (R o) (5.4%), which had a high risk of morbidity. The incidence was less (5.0%) for the cases of R 3 (extended lymphnode dissection).
Combined resection of one or more other organs and the rates of subphren is abscesses are shown in Table 4 . In the combined resection group, the incidence of subphrenic abscesses was 7.5% (13/173), significantly higher than 2.6% (11/425) for the non-combined resection group. In the splenectomy group, the incidence was 1. 8%. However, in the distal pancreaticosplenectomy group, the incidence was 15.6% due to an anastomotic leakage or pancreatic fistula. Combined resection of the colon also had a high rate of subphrenic abscesses (25%). Combined resection of the gallbladder or left adrenal gland are included in the other 44 cases (Table 4) .
Diagnosis
Gastrointestinal anastomotic leakage following gastrectomy was responsible for subphrenic abscesses in 16 (67%) of 24 cases. The other cases with abscesses are presumed to be associated with intraoperative contamination.
The 16 cases due to leakage were easily diagnosed by gastrointestinal contrast roentgenography or fistulography.
In the other 8 cases an objective diagnosis was difficult, and clinical findings were important. Fever and leucocyte counts were used invariably as part of the diagnostic evidence for an abdominal abscess.
The mean body tem-TAKEDA, ET AL. perature in patients with a subphrenic abscess was continually above 38°C before effective drainage.
In the control group, the body temperature decreased to normal levels within 5-10 days postoperatively (Fig. 1) . The average leucocyte count was always greater than 10, 000 cells/mm3, before adequate drainage.
In the control group, the mean leucocyte count was less than 7,500 cells/mm3, postoperatively (Fig. 2) .
In cases with a subphrenic abscess, the chest roentgenogram may indicate a pleural effusion, an elevated diaphragm, atelectasis or pneumonia. US and CT are important to determine the presence or absence of a subphrenic abscess. A subphrenic abscess appears as a hypoechoic space in US and as a low density area in CT. Fig. 3 shows a subphrenic abscess following an extended total gastrectomy preserving the spleen (Fig. 3) . When both US and CT are negative, but the presence of a subphrenic abscess is strongly suspected clinically, then it is important to repeat both the US and CT.
Management
Complete abdominal exploration was employed in 2 cases through the midline incision from the initial gastrectomy. In 3 other cases, the procedure for abscess drainage was performed posteriorly by a short No. 11 rib resection or with an intercostal approach by finger to drain the abscess.
The other 19 (79.1%) of the 24 cases were drained by a cannula placed into the left subdiaphragmatic space during the gastrectomy, and later replaced by a larger drainage catheter. Aerobic and anaerobic antibiotics were routinely administered.
Discussion
The subphrenic, pelvic and subhepatic spaces can accumulate fluid leading to the development of an abdominal abscess (Fry et al. 1980) . A postoperative subphrenic abscess represents an important and serious complication following a gastrectomy, thus proper attention must be given during the gastrectomy to the drainage of any excess fluid. Intraoperative contamination and anastomotic leakage are usually dispersed rapidly inside the peritoneal cavity, collecting especially in the left subphrenic space through the physical movement of the peritoneal fluid during and after the gastrectomy. Such movement forces the contamination towards the lymphatic f enestrations of the diaphragm.
These diaphragmatic lymphatic channels resorb macromolecules, such as endotoxins and bacteria, from the peritoneal cavity into the blood. Therefore, a patient with a subphrenic abscess is likely to develop a bacteremia or sepsis. The location of a subphrenic abscess has been classified as being in one of four subphrenic spaces, 1) right suprahepatic, 2) right subhepatic, 3) lesser sac and 4) left subphrenic, by Sherman et al. (1969) . However, during a gastrectomy for gastric cancer, the lesser sac is always widely resected and converted into part of either the right subhepatic or left subphrenic space, thereby losing its integrity.
Accordingly, only three subphrenic spaces remain;
(i) right suprahepatic (subphrenic),
(ii) right subhepatic, and (iii) left subphrenic. In the other non-leakage related cases , an objective diagnosis was difficult, and clinical findings such as fever and leucocyte counts were suggestive.
When a chest roentgenogram showed a pleural effusion and an elevation of the diaphragm , then an abscess was strongly suspected. US and CT are generally important to confirm the presence and location of any subphrenic abscess (Sonnenberg et al. 1982; Porter et al. 1985; Pace et al. 1989 ). However, in nonleakage related cases, surgical exploration must be performed to confirm the abscess.
Definitive treatment should be initiated, as soon as the abscess has been identified.
The majority of the present cases were treated by intraabdominal drainage through a cannula implanted during the gastrectomy.
Exchanging the catheter for a longer, larger, softer, straight drainage catheter was often appropriate. Sherman et al. (1969) reported a mortality rate of 23% in patients with drainage and 80% in those without drainage. Overall, a mortality rate of 4% was experienced in the present study in the 24 patients undergoing drainage; 5 of which were non-leakage cases, as confirmed by surgical exploration.
In patients with a single, accessible, well-localized abscess, a single adequate drainage through an extraserous approach may be all that is required (Deck et al. 1979) . A transperitoneal approach shoud be utilized for patients which may have multiple abscesses. 
